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Introduction
Cyclophosphamide (cytoxan) is an established therapy
for the treatment of lupus glomerulonephritis and may
well be of value in neurologic and other major organ
manifestations unresponsive to standard therapies in
systemic lupus erythematosus. Nevertheless, it is
potentially toxic with both short- and long-term
adverse sequelae. In addition to increased suscept-
ibility to infection,62 bone marrow suppression,
alopecia, hemorrhagic cystitis and malignancy, wo-
men of child-bearing age must weigh the risks of
sustained amenorrhea and infertility against the
bene®t of improved disease control. The risk of
infertility from cyclophosphamide is multifactorial
and having children is not absolutely contraindicated
in lupus patients. In this paper we review the biology
of ovarian function, the epidemiology of cyclophos-
phamide-induced ovarian failure, and the possible
strategies for protecting ovarian function in the face of
cyclophosphamide therapy.
Mechanism of action and toxicity of
cyclophosphamide
The immunosuppressive actions of cyclophosphamide
are complex. Following activation of cyclophospha-
mide in the liver, multiple metabolites appear in the
circulation with varying degrees of immunosuppres-
sive action and toxicity. Although direct toxicity to
immunocompetent cells is probably the major me-
chanism of immunosuppression, cyclophosphamide is
also immunomodulatory in T cells. The immune
effects of cyclophosphamide differ depending on the
dose, route of administration, and duration of
cyclophosphamide therapy.1±4,54,56
As with other alkylating agents in the nitrogen
mustard class, rapidly dividing cells are particularly
sensitive to the actions of cyclophosphamide. Thus,
frequently encountered toxicities include bone mar-
row suppression and mucosal lining abnormalities.
Because cyclophosphamide metabolites are excreted
in the urine, hemorrhagic cystitis and bladder cancer
are also prominent complications. Urotoxicity can be
minimized by limiting the total dose of cyclopho-
sphamide, using bolus rather than daily regimens,
intense hydration, and the use of MESNA (sodium 2-
mercaptoethane sulfonate).
Gonadal failure occurs in both men and women
who receive alkylating agents. Since women of
reproductive age are the largest group of SLE patients,
consideration of preservation of ovarian function is an
important issue when reviewing the risks and bene®ts
of using the agent.
Ovarian physiology and cyclophosphamide-
induced amenorrhea
Normal ovarian development begins during the
second month of fetal development. Prior to birth,
oogonia have already developed to become primary
oocytes. At birth, approximately 2 million oocytes are
present and no new oogonia are formed. After birth,
damaged oocytes are never replaced. Oocytes not
incorporated into primordial follicles prenatally
undergo atresia. At menarche there are 300 000±
400 000 oocytes and follicular maturation begins.
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Phosphoramide mustard is thought to be respon-
sible for ovarian toxicity,8,11,31,54,56 but the exact
mechanism is unknown and the mechanism in lupus
patients may be different. DNA cross-linking occurs
in granulosa cells of experimental animals within 2 h
after injection of cyclophosphamide. An increase in
nuclear size is consistent with a G2 cell cycle (when
energy required for cell division is stored and when
repairs of errors in DNA synthesis occur) phase block.
Administration of cyclophosphamide is also asso-
ciated with a temporary decrease in estradiol levels32
consistent with granulosa cell dysfunction. In rats,
cyclophosphamide causes a loss of follicular number,
with the effect blocked by the concurrent administra-
tion of a gonadotropin-releasing hormone agonist
(GnRH-a).65 Cyclophosphamide has also been shown
to have a toxic effect on granulosa cell progesterone
production. Damage to granulosa cells might have a
secondary toxic effect on oocytes since granulosa
cells are regarded as nursing cells for the oocytes
through changes in critical intercellular communica-
tion of the granulosa cell with the oocyte.
Most of the human data relating to ovarian function
after chemotherapy are derived from cancer survivors,
particularly young women with a history of Hodgkin's
disease or children with Wilms' tumors. Alklylating
agents are usually part of a multidrug regimen used to
treat these malignancies and thus have not been
studied alone. In bone marrow transplant patients,
cyclophosphamide is often used alone but at much
higher doses (3600 mg=m2) than those used in
rheumatic conditions (500±100 mg=m2). After expo-
sure to alkylating agents, human ovaries show ®brosis
and follicle destruction with increased levels of
follicle-stimulating hormone (FSH) and luteinizing
hormone (LH) and decreased estradiol.47,57 The result
of these changes is hypergonadotropic hypogonadism
and subsequent amenorrhea, with likely irreversible
ovarian dysfunction and infertility. These hormonal
and ovarian side-effects are more common in older
patients and those who have received higher cumu-
lative doses of cyclophosphamide. In a study of
women treated for breast cancer, the average dose of
cyclophosphamide given before the onset of amenor-
rhea was 20.4 g, 9.3 g, and 5.2 g for women in their
twenties, thirties and forties, respectively.63 Younger
patients tend to tolerate higher doses of alkylating
agents.47,55 Menstrual patterns prior to exposure to
cyclophosphamide do not appear to be independent
risk factors for early menopause.5,9 When lupus
nephritis patients were studied retrospectively, persis-
tent amenorrhea was dependent on route of adminis-
tration, age of patient, cumulative dose and duration
of therapy, with age greater than 30 years and
large cumulative doses (> 300 mg=kg) being worse
prognostic indicators.5,6,9,10,48,58 In one retrospective
study looking at monthly intravenous bolus cyclopho-
sphamide, 12% of patients under 25 years of age, 27%
of patients aged 26±30 years and 62% of patients aged
31 years or over experienced sustained amenorrhea
for at least 12 months after the cessation of the
cyclophosphamide.9 The published data do not permit
a clear picture of whether there is a threshold
cumulative dose associated with amenorrhea. One
study of 92 female lupus nephritis patients taking
daily oral cyclophosphamide at a dose of 1±
2 mg=kg=day found that the 27% of patients who
developed sustained amenorrhea received a mean
cumulative dose of 32.6 g of cyclophosphamide
versus 22.4 g in the group that continued menstruat-
ing.5
It is not clear whether the length of amenorrhea
after cylophosphamide treatment predicts recovery of
menses or fertility, nor do we know whether recovery
of menses protects a given patient from future early
menopause.
Preservation of ovarian function
Preservation of ovarian function in women receiving
cyclophosphamide was ®rst studied in the early 1980s
in patients with Hodgkin's disease.47 One study
employed combination oral contraceptive pills (OCPs)
to suppress ovarian function during chemotherapy46
but included only 6 patients. Three of the six women
underwent ovarian biopsy after chemotherapy and had
the same number of follicles compared with pretreat-
ment biopsies. One woman went on to become
pregnant. On this basis, the authors suggest that OCPs
may have a protective effect on fertility in these
patients. There are no controlled studies to date
addressing the potential protective role of OCPs.
Gonadotropin-releasing hormone physiology
Gonadotropin-releasing hormone (GnRH) acts to
suppress ovarian function, creating a quiescent or
`prepubertal' state, and thus could theoretically
protect ovarian function during cytotoxic therapy.
GnRH is a decapeptide with a biological half-life of
2±8 min that is produced in the arcuate nucleus of the
hypothalamus and secreted in a pulsatile manner. It
induces synthesis and release of the pituitary gonado-
troph follicle-stimulating hormone (FSH) and lutei-
nizing hormone. When GnRH is given by continuous
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intravenous infusion, increased levels of FSH and LH
are seen in the ®rst 4 h followed by progressive and
sustained decrease in these hormones, resulting in
`medical castration'.13,23 There are two proposed
mechanisms for the continuous action of GnRH.
One is a desensitization with uncoupling of the
activated GnRH receptor from its binding complex.
The other is a down-regulation of the number of
available receptors for binding.
Synthetic GnRH agonists
Various synthetic GnRH agonists (GnRH-a) are
available that are more potent than the natural
hormone (Table 1). The analogs mimic the action of
continuous high-dose GnRH. Females receiving
synthetic GnRH-a have serum estradiol concentrations
similar to those levels seen naturally in postmeno-
pausal women.23 There are four preparations approved
for use in the United States, but more are available
abroad (Table 1). Leuprolide acetate (Lupron) is
available in subcutaneous or depot formulations (1
month and 3 month) and is approved for the treatment
of prostate cancer, endometriosis, leiomyomata,49
dysfunctional uterine bleeding, in vitro fertilization
and precocious puberty.23,38,40,41 The other available
agonists are nafarelin acetate (Synarel), an intranasal
spray preparation, goserelin (Zoladex), a sustained-
release formulation (lasting 1 or 3 months), and
Histrelin, which is used for precocious puberty but is
not available in the United States. The use of GnRH-a
is increasingly used to reversibly suppress endoge-
neous ovarian production of estradiol and progester-
one.
Most women who receive a GnRH-a develop
amenorrhea with decreased hormone levels within
3±8 weeks.38 Menses usually returns approximately 6
weeks after the last subcutaneous injection or 10
weeks after a depot monthly injection. For women
whose menses do not recur in this time frame,
evaluation of serum hormone levels will help evaluate
whether the amenorrhea is a result of anovulation
secondary to chronic disease (serum FSH under
10 mIU/ml on day 3 of menses) or premature ovarian
failure (FSH> 40 mIU/ml).
GnRH-a side-effects
More than 75% of patients develop hot
¯ashes18,19,23,24 when exposed to GnRH-a, which
tend to decrease in intensity and frequency after the
®rst few injections. Loss of bone density because of
relative estrogen de®ciency is probably the most
important side-effect for rheumatology patients given
the frequency of concurrent and long-term cortico-
steroid utilization. Other signi®cant side-effects in-
clude irregular vaginal bleeding, depression, headache
and insomnia. Most of the current data on side-effects
come from the treatment of endometriosis, dysfunc-
tional uterine bleeding and leiomyomata reported by
the Leuprolide Study Group.17,19 Unfortunately, the
bone mineral density data were collected after the
initial data collection and what is reported is pooled
from different sites and substudies.17,21 Thus there
was no standardization of measurement of bone
density and any correlation between bone mineral
density and estrogen levels was not addressed. Finally,
the available data do not address potential confoun-
ders that affect the risk of developing osteoporosis,
such as tobacco use, weight, exercise, caffeine,
prednisone and other medications, or chronic disease,
Some studies do control for calcium supplementation.
Sidenius and colleagues studied the effects of
intranasal nafarelin on bone metabolism in women
Table 1 GnRH agonists
Generic name (brand name) Relative potencya Half-life in humans (min) Indications Modes of adminstration
Tryptorelin (Decapeptyl) 100 50 CPP, Endo, PC SC,IM
Buserelin (Superfact) ? 75 PC, Endo SC induction followed by IN
Histrelin 100 < 60 CPPb SC
Leuprorelin (Lupron) 15c 180 CPP, PCb SC,IM
Endob
Nafarelin (Synarel) 200±300 240 Endob IN
Goserelin (Zoladex) ND ND 7 hr PCb, Endob Implant
Adapted from ref. 14.
a Potency calculated on basis of estrus suppression test in rats; native GnRH is 1.
b Approved for clinical use in United States.
c Test of circulating LH increase in male rates; in LH augmentation test in rats, relative potency was 100.
Abbreviations:
CPP, central precocious puberty; Endo, endometriosis; PC, prostate cancer; SC, subcutaneous; IN, intranasal; IM, intramuscular.
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with laparoscopic proven endometriosis.22 All sub-
jects in whom measurements were obtained had a
bone mineral density (BMD) decrease of 2±6% after 6
months of therapy as measured by single-photon
absorptiometry (SPA), dual-photon absorptiometry
(DPA) and urinary calcium : creatinine ratio or
hydroxyproline : creatinine ratio. All bone density
measurements returned to baseline 6 months after
discontinuing the nafarelin.22 In a randomized,
double-blind multicenter trial of depot Lupron
(leuprolide acetate) for endometriosis, spine BMD
decreased 3.6±11.8% with different methods of
measurement between centers.17 In one study, 6 of 8
patients had complete recovery of BMD loss 6 months
after Lupron therapy was stopped; other authors report
only partial recovery of lost bone density if the
GnRH-a is stopped after 6 months of therapy.17,20,21,44
Fogelman reports a 4.5% decrease in BMD of the
spine and 3% in the femur as measured by dual X-ray
absorptiometry (DXA) in a placebo-controlled
double-blind study of 60 women treated with Zoladex
(goserelin acetate) for premenstrual syndrome.45 Cann
summarized data from multiple centers where GnRH
agonists were used to treat endometriosis and
leiomyomata and found that most studies showed
some signi®cant BMD loss.59 Some recovery of lost
bone density is reported if the GnRH-a is stopped after
6 months of therapy.20,21,44 Damario found persistent
decreases in BMD up to 48 weeks after treatment of
endometriosis with Zoladex.39 Many studies, how-
ever, have no follow-up with respect to recovery of
BMD.17
Overall, the clinical impression is that Lupron
alters bone metabolism through its effect on
estrogen secretion although a GnRH-a-induced
inhibition of growth hormone, and insulin-like
growth factor-I may also contribute to alterations
in the calcium metabolism in bones. The magnitude
of change depends on the skeletal site and
measurement techniques, and the effect on bone is
probably reversible. Lupron is generally not given
for longer than 6 months and its effects on bone
mineral density for longer than 6 months is not
known. Since some treatment protocols for lupus
nephritis frequently use cyclophosphamide for 24±
36 months or longer, these patients might be
exposed to Lupron for longer periods of time if
given to protect gonadal function. The issue of lost
bone mineral density is of paramount importance
for lupus patients since they are frequently on high
doses of steroids for prolonged periods,1±4,9 a
known and powerful risk factor for osteoporosis.
Finally, there are no large studies of fertility and
fecundity in lupus patients co-treated with cyclophos-
phamide and GnRH-a.
GnRH-a for preservation of ovarian function
The mechanism of action of GnRH agonists in
protecting ovarian function in humans is unknown.
Some possible mechanisms include a centrally
mediated suppression of gonadotropins, direct sup-
pression of gonadotropin receptors in the gonad, and a
reduction of biologic activity of gonadotropins.
In rat models of cyclophosphamide-induced ovar-
ian failure, GnRH-a seem to decrease the number of
follicles undergoing further development at the time
of exposure to cyclophosphamide, thus rendering
them less susceptible to the toxic effects of alkylating
agents.12,14,32 Montz and colleagues evaluated rats
given cyclophosphamide with concurrent Lupron or
progesterone, and demonstrated a protective effect of
the Lupron on fertility, but not on fecundity as litter
sizes were signi®cantly smaller than control litters.7
Ataya and colleages evaluated monthly Lupron
injections in rhesus monkeys as a possible means for
inhibiting cyclophosphamide-induced ovarian failure
and found that Lupron therapy protected the ovaries
against accelerated follicular depletion. In this study
small follicles were most severely affected.15,16
Similarly, in humans, ovarian tissue taken from
women who received alkylating agents has a char-
acteristic depletion of primordial follicles.46
A recent study of young women receiving che-
motherapy for treatment of lymphoma showed a
signi®cant protective effect against irreversible ovar-
ian failure from the co-treatment with a GnRH
agonst.66 The authors found that of those treated with
the GnRH-a, 94% resumed spontaneous ovulation and
menses within 3±8 months of termination of the
combined chemotherapy=GnRH-a co-treatment. Of
those who were treated without the GnHR-a, 61%
experienced premature ovarian failure.
Preservation of bone mineral density
If a GnRH agonist is to be used to protect ovarian
function, then prevention of bone loss must also be
addressed. If maximal suppression of gonadal func-
tion is necessary, then the addition of estrogen
and=or progesterone similar to a postmenstrual
hormone replacement therapy (HRT) or `add-back'
could be considered. In a placebo-controlled trial,
Leather and colleagues showed that adding back
estradiol valerate (2 mg=d) with norethesterone (5 mg
on days 22±28) to women receiving Zoladex for 6
months for PMS prevented the loss of BMD seen in
patients not receiving add-back therapy.37 However,
only 10=19 women in the add-back treatment group
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completed the trial. There is controversy, however,
regarding the safety of hormone replacement therapy
in SLE.34±36 Estrogen is implicated in the induction
and exacerbation of SLE.35,60,61 Petri and Robinson
reviewed the use of OCPs in SLE and conclude that
OCPs should probably be avoided in women with
active renal disease because of potential increased risk
of ¯are. Furthermore, OCPs may place SLE patients
with anti-phospholipid antibodies at increased risk for
thrombosis.34 These risks, however, may be dimin-
ished with other estrogen preparations such as
conjugated estrogen or through the use of transdermal
estradiol delivery systems. Thus, these risks must be
evaluated against the potential bene®t of preserving
BMD, contraception and possible preservation of
ovarian function. Non-hormonal therapy to prevent
bone loss is aimed at blocking bone resorption with
bisphosphonates or by inhibiting osteoclast activity
with calcitonin. Bisphosphonates inhibit bone resorp-
tion and reduce bone turnover. Etidronate and
aldendronate (Fosamax) both increase BMD in
postmeopausal and steroid-induced osteoporotic pa-
tients, and alendronate reduces risk of fractures.33
Supportive measures for bone formation such as
calcium supplementation, weight-bearing exercise18
and limitation of alcohol and tobacco use may help
retard bone loss.
Preservation of ovarian function
Based on the preliminary data in the literature, it is
reasonable to offer women of reproductive age the
option to utilize GnRH-a co-treatment in an attempt to
preserve ovarian function. At the Brigham and
Women's Hospital, our recommendation for women
interested in this co-treatment is Depot-Lupron 3-
month formulation 11.25 mg for two injections (total 6
months of therapy) started 3±4 weeks prior to the
initiation of cyclophosphamide, and then `pulse'
Lupron with 7.5 mg of the monthly formulation one
month prior to and on the day of the `pulse'
cyclophosphamide. The ®rst Lupron injection may
by necessity be given closer to the ®rst cyclopho-
sphamide dose if the clinical situation is dire.
Pretreatment BMD measurement is recommended,
and repeated if the GnRH-a is to be continued for
longer than 6 months. If a patient's bone density is
below normal or the patient is on steroids, bispho-
sphonate therapy may be offered, but concerns exist
about effects on future fetuses from bone treated with
biphosphonates. All patients are supplemented with
calcium and vitamin D. The use of azathioprine
following monthly pulse cyclophosphamide can be
considered in individual cases to minimize cyclopho-
sphamide and GnRH-a exposure.
At the University of Michigan, informed consent as
a research study is obtained. Patients receive 3.75 mg
of Lupron acetate at least 10 days before the next
injection of cyclophosphamide. When this cannot be
done before the ®rst pulse, Lupron is started between
the ®rst and second pulses and Lupron is given for 6
months when consideration is given to changing
cyclophosphamide to azathioprine. Patients routinely
receive estrogen supplementation after 1±2 months,
with estroderm patch either 0.05 or 0.1 mg every 3 1
2
days. The lower strength is used ®rst and, if symptoms
continue the higher dose patch is used. This is
generally continued for at least a year.
Other options for preserving reproductive
function
The main alternative to GnRH-a analogs for preserving
ovarian function is cryopreservation of the oocytes.
Historically there have been problems with freezing of
oocytes. The microtubule spindle of the mature oocyte is
sensitive to temperature changes, resulting in nondis-
junction of chromosomes. Cryoprotectants used in the
freezing process harden the zona pellucida, interfering
with fertilization.26 Early preliminary studies suggest up
to 51% survival of thawed rodent oocytes, but murine
tissue was more promising.27 Methods of optimal
freeze=thaw technique and the use of alternative
cryoprotectants are being studied for both ovarian tissue
and oocyte cryopreservation.25,28,29,30,43,49,50,51 Persis-
tent hurdles include viability of the thawed tissue and
chromosal abnormalities once the thawed oocytes
mature,49 but evolving improvements, including cryo-
preservation of primordial follicles, are making this
option more feasible. A few cases of successful
pregnancies from cryopreserved ooctyes have been
reported.64
Surgical autografting of ovarian tissue is a
theoretical option, but there are controversial animal
data on whether it is effective.42,51,52 In this technique,
ovarian tissue is frozen prior to chemotherapy and
then regrafted after exposure. Technical problems
include graft ischemia and marked reduction of
primordial follicles,53 thus limiting the practicality
of this option at present. No successful pregnancies
have thus far been reported.
Embryo cryopreservation and future cryopreserva-
tion of oocytes, as well as surrogate gestational
carriers of fertilized embryos, are exciting options to
offer patients prior to the initiation of cytotoxic
therapy. These techniques may necessitate postponing
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chemotherapy for approximately 1 month and thus
may be impractical based on the urgency of the
clinical situation.
Recommendation for clinical practice
In conclusion, there are numerous issues that warrant
family planning and counselling of female patients
about to undergo cyclophosphamide therapy for lupus
nephritis. There is no simple algorithm to offer, nor is
there universal agreement even among the experts
about the optimal ways of preserving fertility, and
complex patients may require the guidance of other
specialists to make informed decisions. We offer
general guidelines while recognizing that other
approaches are also reasonable for some of the more
common scenarios that may be encountered.
Before a thoughtful discussion about family plan-
ning can take place, it is probably wise for young
female patients=couples to undergo evaluation with an
experienced obstetrician=maternal fetal specialist to
address whether pregnancy would be safe for a given
patient. There are many considerations, including
prior obstetrical history, hypertension, anti-phospho-
lipid antibodies, co-morbid illnesses such as renal
failure, pulmonary hypertension, prior thromboem-
bolic disease, cardiomyopathy or other cardiac
pathology and SLE activity, to name a few. A
consultation with a gynecologist with a specialty in
reproductive medicine may be helpful. It would also
be wise to address male fertility issues as well at an
initial family planning visit in order to more fully
investigate the couple's possibility of pregnancy. If a
woman is not interested in ever having children or
plans on adopting in the future, then informed consent
and counselling for risk of amenorrhea and possible
early menopause and the other adverse effects of
cyclophosphamide is suf®cient. Many lupus patients
are young, however, and may change their view with
regard to wanting children.
For women under 16 years, a GnRH-a protocol is
not advised because its effects on growing bone are
unknown. After careful consideration of all the risk
and bene®ts, these patients are often offered low-dose
combination OCPs to suppress ovarian function. It
should be remembered that OCPs should be avoided
in SLE patients with anti-phospholipid antibodies34 or
who are otherwise at high risk for thromboembolic
disease.
For a younger woman who has not yet had children
but has a male partner, and in whom pregnancy is not
otherwise contraindicated, there are several options.
This group is at lower risk for infertility than older
patients,butagain theanticipatedcumulativecyclophos-
phamide dose appears to play a large role. The most
aggressive approach, if the time of initiation of the
chemotherapy permits, would be to consider assisted
reproductive technology and cryopreservation of em-
bryos before exposure to cyclophosphamide and then
attempts at hormonal suppression as well. If these
techniques are not elected, then a GnRH-a protocol
should be seriously considered. There are new experi-
mental protocols for freezing oocytes that attempt to
address the technical limitations of viability and
chromosomal abnormalities. These may be available
to patients who do not have a partner but would like to
retain reproductive function for the future. With all
strategies, success is unpredictable and patients may
choose no intervention and take their chances on
recovering ovarian function. We have no sure way of
predicting the likelihood of permanent ovarian failure
and it is even more dif®cult to predict whether the patient
will need more cyclophosphamide.
Women over the age of 30 years stand the greatest
chance of infertility and premature menopause. If a
woman in this category clearly wants to have children in
the future, she should consider some precautionary
measures. One such option might be to consider a
cryopreservation protocol if time permits. It should be
remembered that for women who have undergone
premature ovarian failure, hormonal manipulation with
exogeneous estrogens and progesterones and embryonic
transfer techniques can make carrying a pregnancy
possible. Gestational surrogate carriers are legal in some
areas and may offer the chance for gestation of a frozen
embryo if the mother is unable to carry a pregnancy.
Evaluation for a GnRH-a protocol is recommended in
this age group.
In summary, there is need for more research on
cyclophosphamide-induced ovarian failure, improved
prediction rules for its occurrence, and evaluation of
the risks and bene®ts of strategies using GnRH-a to
preserve ovarian function. In the mean time, preg-
nancy is not necessarily contraindicated in lupus
patients34,36,48,53 and thus frank discussion of what is
available as well as the available strategies to attempt
preservation of ovarian function is an af®rmation of
how important these issues are in a woman's health
care and her quality of life.
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